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Preface 


With this 14* edition Junqueira’s Basic Histology continues as the preeminent source of 
concise yet thorough information on human tissue structure and function. For nearly forty-five 
years this educational resource has met the needs of learners for a well-organized and concise 
presentation of cell biology and histology that integrates the material with that of biochemistry, 
immunology, endocrinology, and physiology and provides an excellent foundation for 
subsequent studies in pathology. The text is prepared specifically for students of medicine and 
other health-related professions, as well as for advanced undergraduate courses in tissue biology. 
As a result of its value and appeal to students and instructors alike, Junqueira’s Basic Histology 
has been translated into a dozen different languages and is used by medical students throughout 
the world. 

A major change in this edition is the inclusion of Self-Assessment Questions with each 
topic/chapter. Many of these questions were used in my courses, but others are taken or modified 
from a few of the many excellent review books published by McGraw-Hill/Lange for students 
preparing to take the U.S. Medical Licensing Examination. These include Histology and Cell 
Biology: Examination and Board Review, by Douglas Paulsen; USMLE Road Map: Histology, 
by Harold Sheedlo; and Anatomy, Histology, & Cell Biology: PreTest Self-Assessment & Review, 
by Robert Klein and George Enders. The use here of questions from these valuable resources is 
gratefully acknowledged. Students are referred to those review books for hundreds of additional 
self-assessment questions. As with the last edition, each chapter also includes a Summary of 
Key Points designed to guide the students concerning what is clearly important and what is less 
so. Summary Tables in each chapter organize and condense important information, further 
facilitating efficient learning. 

Each chapter has been revised and shortened, while coverage of specific topics has been 
expanded as needed. Study is facilitated by modern page design. Inserted throughout each 
chapter are more numerous, short paragraphs that indicate how the information presented can be 
used medically and which emphasize the foundational relevance of the material learned. 

The art and other figures are present in every chapter, with the goal to simplify learning 
and integration with related material. The McGraw-Hill medical illustrations now used 
throughout the text, supplemented by numerous animations in the electronic version of the text, 
are the most useful, thorough, and attractive of any similar medical textbook. Electron and light 
micrographs have been replaced throughout the book as needed, and again make up a complete 
atlas of cell, tissue, and organ structures fully compatible with the students’ own collection of 
glass or digital slides. A virtual microscope with over 150 slides of all human tissues and 
organs is available: http://medsci.indiana.edu/iunqueira/virtual/iunqueira.htm . 

As with the previous edition the book facilitates learning by its organization: 

• An opening chapter reviews the histological techniques that allow understanding of cell 
and tissue structure. 

• Two chapters then summarize the structural and functional organization of human cell 
biology, presenting the cytoplasm and nucleus separately. 

• The next seven chapters cover the four basic tissues that make up our organs: epithelia, 
connective tissue (and its major sub-types), nervous tissue, and muscle. 



• Remaining chapters explain the organization and functional significance of these tissues 
in each of the body’s organ systems, closing with up-to-date consideration of cells in 
the eye and ear. 

For additional review of what’s been learned or to assist rapid assimilation of the material in 
Junqueira’s Basic Histology, McGraw-Hill has published a set of 200 fiill-color Basic Histology 
Flash Cards, Anthony Mescher author. Each card includes images of key structures to identify, 
a summary of important facts about those structures, and a clinical comment. This valuable 
learning aid is available as a set of actual cards from Amazon.com, or as an app for smart phones 
or tablets from the on-line App Store. 

With its proven strengths and the addition of new features, I am confident that Junqueira’s 
Basic Histology will continue as one of the most valuable and most widely read educational 
resources in histology. Users are invited to provide feedback to the author with regard to any 
aspect of the book’s features. 


Anthony L. Mescher 

Indiana University School of Medicine 

mescher@indiana.edu 
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CHAPTER]: ■ ThENucInji 


SAMPLE 


Th e N ucleus * a kn i iwce dge 


1. 'Whkb of the foiHowiag feciLitates breakdown oftbe Eucleai einvelopo 
djoringftie onset of mitosis? 

a. Disassembly of nuoleoaoraea in tlie assocLited constitiitivie 
lieterocliroiiiatLD 

b. Increased export of m ateriaJ by the nucleai pore coraptexes into 
tire pejinudiear space 

c. PhoEphoryiatioji of lunin subunits: by a cydiR-deptndeat Idnase 
(CDK) 

d. Aotivihes triigejered at a reat^ 

The activity of proteaEOjnes 

2. flindine of histone HI proteins to impocrtins Ip unpoitant for which 
of the following ? 

a. Transport tirougli the nudear pores complexeE 

b. Propedydirectedvedcularti^ppoirtthroiigh^t^ G<%i apparatus 
CL Transport from the granular part of the niicleduE 

d. Further binding to the ^linker DN^ and proper assembly of 
nudfiosomee 

e. PbosphorylatLoii of cydins 

Is Which of the foilowingf is a region of dironiatiji that is well devel¬ 
oped in krge neurons active in proteiii aynttiesia? 

a. Heterochromatin 

b. The imcleoluB 

CL The NM s ubstmce [ueuronal EEE) 
d_ The Eair body 
e. The nucleosome 

4. Which C3f ftie following is found diLring meionis but not mitosis? 

a. ChiOLOiatids 

b. Pdar microtubules 
CL Mdaphase 

d. Synapeds 

e, CytoMnesis 

5. TranritLonE iu the cell c;yde from cme phase to the nest are regulated 
by protein kinaies vfiose activity depends on what oftier proteins I 

a. Thra.or suppressor 

b. Cydinp 

c. Aotins 

d. LamioB 

e. ImportiDB 

S. Mitotic hgures visilie in a tissue section fmm the lining of the 
small mtestine are most likely to belong to which of the following 
categorieB^ 

a. Terminally diflerentiated cells 

b. Partially djflerentiatedcdlp 

c. Hood cells 

d. Stem cells 

a. Progenitotr cells 

7. Key diflermcep between ^optotic and necrotic cell defifth include 
which of the following-? 

a. dpoptotic oehs do not release Actors that induce inflammation. 

b. Neciosis does not trigger inflammation. 

c. Apoptosis does not utilize intracellular protesses. 

d. Apoptosis usually follows lethal, physical damage to a ceU. 

e. Necrosis ia involved in formation of some organs during embry¬ 
onic development. 


5. A 29-yeaj-dd woman prefients with a fever, pericardid effu¬ 
sions and Libman-Sachs endocarditis^ arflualgia, and facial rash 
across the malar region (^butterfly mslf ) that ia acoentnated by sun 
K^osure. Labomtory tests diow creatine 1.7 mg^'clL (normal 0.5-1.1 
mgfdl), high titers of antinuclear antoantibodres (ANA), Smlfli anti¬ 
gen,, and antimicleosome antibodies in tire blood Which one of the 
fbUowing is most likely to be diieofly affec-ted by the disruption of 
micleoaomes in this patient? 

a. Packaging- of genetic material in a condensed form 

b. TranscribingDNA 

c Forming pores forbidirectional nudear-cytoplasmic transport 
d Forming the nudear lamina 

e. Holding together adjacent chromatids 

9, A 32-year-old man and his JO-year-old wife are referred for a 
reprodnctivt endocrinologist infertility (PET) consult after 2 years 
of "^tryii^g to ^t prepant:’ He is diagnosed with oJigozoosperntia. 
Ejaculated mature sperm are collected and undergo genetic analy¬ 
sis. Using gene linkage an aiyris, his P£1 spedaLM determines that 
be has ahenations in sperni atogenic meiotic recombination, includ¬ 
ing both diminiffred frequency and snboptimal location, resulting 
in bi^ frequency of aneuploid speiiu. In explaining the diagnosifi^ 
she explains meioHS and recombination attribntmg the problem to a 
spectic- phase of flne meioeis. Which part of meiosis is meat dosely 
asEociatedwifli recombination? 

a. Melaphasel 

b. Anaphase I/Tdophase I 
c Prophase I 

d Prophasell 
e. An^hase Il/lelopbasa II 

10. A ne^orn boy is d^gnosed with Apert Byndnsme. He has cianio- 
synostoeds, hypoplasia ofthe middle part of the face with irtrusion of 
flie eyes^ and syndactyly that iodudes fusion ofthe Ekdn, connective 
tiiaue, and muscle erfthe fiista middle, aod liog fij^gei? with moder¬ 
ate fusion of those digits. There isvery limited joint mobilltypast tire 
first joint. Which one of the foUowingis most likely dEnneaserf in c^s 
of tie interdigitBl regions of fbe developing hand of this newborn 
child? 

a Psndom degradation 

b. Inflammation 

c. . CeUsweUing 

d. Bd-2 

e. DMA degradstionbyendonuefeaseE 
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TYPES OF EPITHELIA 

Covering orLining Epithelia 
Secretory Epithelia & Glands 

TRANSPORT ACROSS EPITHELIA 
RENEWAL OF EPITHELIAL CELLS 
SUMMARY OF KEY POINTS 
ASSESS YOUR KNOWLEDOE 


D espite itscomplexitys the orgiasofthehuumi body 
are composed of only four bask tksu# types: 
epithelkla connective, muscular, and nervous tis- 
susE. Each tii^ue is an assemblage of similarly specialized 
cells united in performing a ^ecific function The basic 
ti^ues, each containiug extracallulax matrix (ECMll as well 
as cells, associate with one another in the variable propor¬ 
tions and morphologies characteristic of each organ. The 
main features of the basic tissue types are aurumarized iu 
Table 4-1. 

Connective tissue is characterized by cells producing ver>’ 
abundant ECMl muscle tissue is composed of elongated cells 
specialized for contractLon and niov¥ment: and nervous tissue 
is composed cf cells with lopg, fine processes ^ecialized to 
receive, generate, and transmit nerve impulses. Most organs 
can be divided into the pamichyina, which is coir^sed 
of the cells responsible for the organs ^cialized function^ 
and the stroma, the cells of which have a supporting role in 


the organ. Except in the brain and spinal cord, the stroma is 
always connective ti^e. 

Epithelial tisisLieE are compo^d of cloaelr' aggregated 
polyhedral cells adherirg strongly to one another and to a thin 
layer of ECM, forming cellular sheets that line the cavities of 
organs and cover the body surface. Epitheha (Gr. upon + 
thete^ nipplel line all external and internal surface® of the body 
and aU substances that enter or leave an organ must cio^ this 
type of tissue. 

The princ^^al functions of epithelial tissues indude the 
following 

■ Covering, lining, and protecting surfaces epidermis:) 

■ Absorption (eg, the intestinal linhig) 

■ Secretion (eg parenchymal cells of gknds) 

Speci&c ceUs of certain epitheha may be contractile 
(myo^ifhelial cells') or spedahzed sensory cells, such as 
those of taste buds or the olfactory epithelium. 


TABLE 4- 

-1 I Main charact^rtsUcs of the four bask typos of tissues. 

Tissue 

Cells 

Extracellular 

Matrix 

Main Functions 

Epithelial 

Aggregated polvhedral cells 

Small amount 

Unlngof surface Of body cavttles; glandular secretion 

Connective 

^eral types of fxed and wandering cells 

Abundant amount 

Support and protection oftlssue^organs 

Muscle 

Elongated contractile cells 

Moderate amount 

Strong contractlorubodynrmements 

Nervous 

Elongated cells with e^l^tren^etv fine processes 

Very small amourrt 

Transmission of nerve 1 mpulses 
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SAMPLE 


Testes 443 



SEminifenous tubule (5r,ian0 surnxinded by sboma containirig 
many interstitial oelks (IQ. typically located npear capillaries, which 
secrete andro^BfB.The senrnrfmus tubule consists of aimique 

germinal eprlhe^um composed of columnar Sertoli CEflls and divid¬ 
ing spermatogenic stem cel Is. Seen arourKithe seminriefoustt^ules 
are myoid cells (Ml with elongatedfiudei, the contractions of which 
help move fluid and mature speim m the tubules. | X4C0t H&E) 

tb) A plastic section shows lipid droplets filling tbe cytoplasm of 
the clumped interstitial celts jlC), or Leydig ce^ls^ in the oonrvectrve 
tissue (Cr< between tubuleSvSuch cytoplasm is typicaJ of steroid- 
secreting endocrine cefis and here iixlicates cells activefy secreting 
testosterone. Tile epithelium of a nearby seminiferous tubule is 
i mrrrediately surrounded by myoid cells (M). (K'4O0tFT) 

Ic) Im rrHjnohistDchpemistry of a seminifwous tubule wall with anti¬ 
bodies gainst prosaposin, a glycop^otem abundant in Sertofi cells. 
The yellow fluorescent stain indicates the tall col umnar shape of 
Sertoli celts (S) and the dendritic nature of th«r apical ends. Sertoli 


cells support atl spermatogen ic cells physically and me^bolically, 
phagocytize debris, and have endocrine roles affecting spermato¬ 
genesis and fetal development of the male reproductive tr^cL 
W(K}X; Imn^unofluorescence) 

fd) Immunohistochemistry of the seminiferouf tubule with the 
same antibodies labeled with peroxidase shows the lalE Sertoli cells 
in brown. TTus bright-held preparation also diows the dose asso¬ 
ciation of the Sertoli ceils with the numerous spennatogenic cBlISj 
Whose nuclei are stained with hematoxylin-(^X; Immunoperoxi- 
dasefi hematoxylin) 

(e) Lowei magnification of the same preparation as part c shows 
Ibe distribution arKi density of Sertoli cells |SI In the seminiferous 
tubules. (200X; Immunofluorescence} 

(F^re J ?-4c-e usecC mth pemissron, ofDf Rfdjard Sbupe mb 
OrflrajHd5nfyeJt t/nivenriCy oF Edinburgh, AlftCCenJrefbf fteprodurt/re 
Weafrh, UK.) 


The Male Reprodtxtlve System ■ T«st« 





SAMPLE 


Pmis 459 


The Mate Reproductive System assess your knowledge 



a. OcciLn before puberty 

b. Jnyolwea sbeni cdla, JDeiosS^ and aperjDatogenefiia 
& Involves cytodiaereDtiation of early EperjDatids 
d Ocnirs in dipJoid cells 

e. Eesulta in flue foEmation of primary Bpermaflocytea 

2. A m an with a pituitary gonadotroplik tirnior causLr^g hyposecne- 
tion offofflick^stLjiiiiJatLDg hormone (FSH) is most likEly to eschibit 
wbidi condition? 

a. No ^mptoms? aince he bas no ovarian fblJiclea 

b. Lose of libido (seat drive) 

c. Low Eeiiim teatoaterone levels 
d Low Eperm coimt 

e Proatatichypeitropby 

3. JnteriftitiaL cells of Leydig have an important function in male gam¬ 
ete production. Because of this functim wbicb cf the following 
org^ellea is abundant witiin these cells? 

a. lysosomes 

b. SmooftiendopLasmk retlcuinm 
c Paroodpomes 

d Polyribosome a 
ft Golgi compleses 

d. While studyu>g a germ cell line developed from a patients tes¬ 
ticular biopsy the lesarcher notes that colchicme-tseated cells 
blocked in metaphase have chromosomes From which of the 
following- regions of the male gjenitai tract would you eicpect these 
oils to have originated? 

a. Within the rete testis 

h. At the basal lamina of the seminiferous tubule 
CL In the middle regfon of tbe garraiiial epithelium 

d. ¥fithin the adJuminal cjompaitment of the seminiferous tubule 
ft Within the straight tubules 

5. ‘WTiidi of the following organs is normally chajicteriied by the 
accumulation of corpora amylacea with Lncreaiing' age? 

a. Prostate 

b. SeminaL vesicles 

c Bulboumtbral (Cowper) ^ands 
d. EpidklymiE 
ft Ductus (vas) deferens 

fi. Within the male raprodnctive tract staieocilia project from c^a 
lining whldi of the following regions? 

a. Pete testis 

b. SeminiferouB tubules 

CL Ampulla of the ductus deferens 
d Epididymis 
ft Penhe umthra 


As sperm pass Lbrough the male genital ducts, proteins and low 
molecular weight prodnds are added from Kveial aources produc¬ 
ing semen. WTuch of tie following provides a nutritive, fructose-rich 
pecretLon? 

a. [nterstitial cdls of Leydig 

b. Bulbourethral (Cowper^ glands 
c Prostate gland 

d. Epididymis 

e. SeminaJvesides 

S. A 20-year-old man contracts choJem during a long- tour of military 
duty in a remote^ completely undeveloped legioo. After a 5-day 
period of severe diarrhea and treatiiimt, he gradually recovers and 
Elowiy returns to -work. He is married 3 years later hut after a few 
yeaji of trying to conceive a chUii semen analysis reveals that his 
sperm are few in number and maLfbnned and blood tests show a 
h^i ther of antibodies against sperm antgensi The causative ^nt 
of cholera, choitie, secretes a toxin that krterfeies with tifijit 
Cocduding) junctions. What ceUs in the gonad are thellMy target cf 
this toxin in tbe male raprodnctive system? 

a. Spermatogonia 

b. Sertoli cells 
c f^^idcdls 

d Lntemtitial odis of Leydig 

c. Diifemntiahng-spermatosoa 

A 2^year-dd man presents with testicular pain and a bnrning sen¬ 
sation during urination. Tests reveal the presence of ^feissHTM’goHOf- 
rfim and penicillin ia prescribed.-Gonorihea often, produces acute or 
dircuiicinflammatioji of tbe testes andfraquentiy involves the chan¬ 
nels that connect tbe testis to the epididymis. Whst is the name of 
these diannds? 

a. The mediastinum testis 

b. The rete testis 

CL EderentductLLlefl 
d Tbe straight tubules (tubuli recti) 
e. The seminiferous tubules 

10. A 39-year-dld man undergoing an extensive series of tests for infer- 
tilLty is found to have a genetic mutation that preventa formatioo csf 
a functional synaptonemal ccmplex durirg rneiosi^ cauaing almost 
complete failure of sperm fbamation. Which cells would be directly 
aS^tedby this mutation? 

a. Primary spermatocytea 

b. Spermatogonia 

c Secondary spermatocytes 
d Spermatids 

e. C^s undergoing sperm iogeneais 


eoi 'ae'qa '^l tJS'es'qi-'qt i:s»msuv 
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FIGURE 23-16 MdllHcdf. 
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cbIFs are large glial celts unique to the rvlina, which are 
cntical for retinal Function by providing trophic and metBiboiic 
support Fof adjacent Tieuroni, nsg ulating homeos-tasis and 
synaptic activity, and helping to organ iie retinaf components 
structurally. Tlie attenuated arid diffuse ruture of Mu Her cells 
mak)es these celh difficult to study micrusoopicaily in most 
routine preparations of rEtina.TfiFsconfocal light m-icroscope 
image of a section of Eivir^ guinea pig retina, with its layers 
named as in the previous figure, shows the large M uller criEs 
in md. Axons arKl dendri tes, abundant in the plexifbm^ layers, 
and the outer segments of the photoreceptor cells appear 
green. 

Wuller cetls extend through the full thickness of the retina, 
with fine lateral processes contacting all adjacent T>euronal cell 
bodies^ synapses, and blood vessels. At a level just befyond the 
layer of photoreceptor cell nuclei, Muller cells are sealed to the 
plwtoreceptor cells by zonula adherens jurKtions, forming the 
outer limiting la^r (OLD- A long Mul ler celi processes extend 
beyond this layer, rntothe layer of rods arvd cones (HCL). The rwrve 
fiber layer (NFLJ is very thm in the area shown heie and the pig¬ 
mented epithelium, is riot stained. Vital dyes Mitotracker 
Orange [red] ^ FM-43 for synaptic memhranes [green]) 

IlVdti pemn^on, from Dr Andreas ffleictaibacifr, Paul Rechsig 
fnscdtrfe of Brain Research; iMiveniryo(l£\pzig^ Germany.) 



the INL. A fewscatLered microglial cells occur ihjoughoul ihe 
neural reLuia. 

Rod Cells 

The human retina contains on average 92 million rod cells. 
They are extremely setisitive to light, responding to a sitigle 
photon, and allow some vision even with light low levels, such 
as at dusk or nighttime. Rod ceils are thin, elongated cells 
(50 [jm 3 |jm), composed of two riinclionally distinct 
segments (Figure 23-17a). The outer segment Is a modified 
primary dlium, photosensitive and shaped like a short rod; 
the inner segment contains glycogen, mitochondria, and poly¬ 
ribosomes for the cell’s biosynthetic activity. 

The rod-shaped segment consists mainly of 600 to 1000 
flattened membranous discs stacked tike coins and sur¬ 
rounded by the plasma membrane (Figure 23-17). Proteins 
on the cytoplasmic surface ofeach disc include abundant rho- 
dopsin (or visual purple) which is bleached by hght and ini¬ 
tiates the visnal stimulus. Between this outer segment and the 
cell’s inner segment is a constriction, the connecting stalk, 
which is part of the modihed primary cGium arising from a 
basal body (Figure 23-17). 

The membranous discs form by repetitive in-folding of 
the plasma membrane near the connecting stalk and insertion 
of ihodopsin and other proteins transported there from the 
inner segment. In rod cells the newly assembled discs detach 
from the plasma membrane and are displaced dlstaUy as new 
discs form. Eventually the discs arrive at the end of the rod. 
where they are shed, phagocytosed, and digested by the cdls of 
the pigmented epithelium (Figure 23-13). Each day approxi¬ 
mately Ki membranous discs are lost and replaced in each 
rod, with the process of assembly, distal movement, and apical 
shedding taking about 10 days. 

Cgn« Cells 

Less numeioLis and less light-sensitive than rods, the 4.6 million 
cone cells in the typical human retina produce color vision in 
adequately bright light. There are three morphologically simi¬ 
tar classes of cones, each contain ing one type of the visual pig¬ 
ment iodopsin (or pbotopsins). Each of the three iodopsLns 
has maximal sensitivity to tight of a different wavelength, in 
the red, blue, or green regions of the visible spectrum, respec¬ 
tively. By mixing neural input produced by these visual pig¬ 
ments, cones produce a color image. 

Like rods cone cells (Figure 23-17a) are elongated, with 
outer and inner segments, a modified cilium connecting stalk, 
and an accumulation of mitodiondria and polyTibosomes 
The outer segments of cones differ from those of rods in 
their shorter, more conical form and in the struaure of their 
stacked membranous discs, which in cones remain as contin¬ 
uous invaginations of the plasma membrane along one side 
(Figure 23-17a). Also, newly synthesised iodopsins and other 
membrane proteins are distributed uniformly throughout the 
cone outer segment and, although iodopsin turns over, discs in 
cones are shed much less frequently than in rods. 
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Eyt 

■ Tbe lia^ thnc Etuilci: 9der^ and c)otq€b form ouler 

bbnnii Etmk; 1h? iDiddLe wcuUr (or lmb) cooifts of tie 
dioPQut GtiBr>' bcty, md im aodtie rttiiiB ibmiB tie bQerlmtk. 

■ Tb^ transpBjeot oornei oxn^lFta of an interior eEnti^ifid ^qiia- 
EnoLi£ f^^iLtbeliuni on B4>ivinaQ nieoibriDe^ b tiiok iVBECular 
EitroETiB, and an inner codotbdimn on DcBOBinet naembraite. 

■ A;quB4nr? htmtor \i aecieted by citlBry pweses into the jMste- 
rior cbaoiber, towis tbroiij^ tie pupil into tie aaterbor cbAEn- 
ber, andii drainedby the sole jhJ venoss sideu lathe EtEnbns. 

■ Tb8 iFE ^iDE contiina cfielBn^KyEes aad poBteriorly tioE 
Bmootb mufck fberF of tie spbrnoter pupiUiB mascie md tbe 
□lYvcpiKbebBE ceEls formini; the diktoF pop^lae iDusde. 

■ Tbe IffUi in b unique Bv^ouJnr tiesue composed of long lam 
fibeFSs cowred on its mtaiior side by cuboiM lens eplEhelLumi, 
and aurroiinded by a tLidc aoelLiikr lay^r ceded the leos cap&ute. 

■ The ItDis is suspended behind the iris md its central pupil by 
the eatery zonule of tbriJLLn tbera produced by epltheliaL cete 
cove liqg the encirdJng dlmry body. 

■ Tbe relina has the two major pirts derived from the embryonic 
optic cup the pL^mented epi^lielluau ueit to the vusoulBr ch.4- 
FDidiayer and the tiicker iteural peEina. 

■ CeUs of tie pigmented epitheliiim absorb prittered form 
partofabtood-FeEisa banieF.xegeQ^rate I J-^j-eeEiitai^ pha^- 
c>'tose shed discs from rods^ md support tie rod md cone ceUs. 

■ Rod cells are photo receptors detecting ElfiJit toEenslty with 
dioit rod-^aped o utar segments; less numerous cone edk wtb 
conical outer se^nents, are mceptora for tbe primary coIofs 
( light of different v^B^velene^ths). 

■ Rods have stacked Enembfined iscs in which the membranes are 
densely packed with the protein riiodi^sin with bound petloaE. 

■ Photons of light conwt ll-mis-ietinal to all-fffl«s-ietiaal, caus¬ 
ing diodopsin to retease tbe retinal (bleadtlng), and activate tbe 
B^aoentC protein transdudn, which causes a nerve impulse. 

■ In the netiTal retina the rod and cose \sytr (^L) isneamEt lo t^e 
Fctlna plgiufnted tplthelium md near the outer nucLsr layer 
fONl) ^licb contains the odl bodies of these photon oeptora 

■ An outer ptectfopm layer (OPL) contains the photonceptor'^ 
axons connected in synapses with dendrites of various integrat¬ 
ing neurona whose c^ bodies fbmithe INI. 

■ Axons from oeJls in the INI form synapses in the ill ner pier iforiu 
layer (IPL) with neurons of ganglionbr tay^ (GL), which send 
EDOons through the nerve hber l^cr (NFL) to tie optic oen’e. 

■ Eyelids are lined by confunf Eh% a stratided columnar epith^ 
hum with goUet cehs, which also covers the anterior part of tbe 
sdera and La contimio us witi the corneal eprthdium. 


■ Lacrunal glands continuously produce tbe taai film that drains into 
the nasal cavity via tbe ducts of the lacrimal apparatiis. 

Ear 

■ The icoustk meatus of the extental ear ends at tie tympanic mein- 
brane md its mucom contains sebaceous md cemmlnoiis glinds 
that produce an antimicrobial substance, cenmien. 

■ The tympanic cavity of the middle ear opensto tbe nasopbarynx via 
tie Buditory (eustnebian) tube. 

■ Whbln the tympaniccaytly, an articulated series of fbiee smah bony 
ossicles (malleua, inciis, and stapes) connects tie tympanic mem¬ 
brane with the m'll window iu tbe wait of the internal eir. 

■ The internal ^r consists of a membranous lab^'Flnth containing 
enddlymplt; the membranous labyrinth is enclosed by tbe temporal 
bonds bony labyrinth whidi contains perilymph. 

■ The membranous labyrintii has a central vestibule with two subdi¬ 
visions the bTtrkie connects to the three semkarcular ducts mdthe 
SBCccde connects to the cnchlear duct. 

■ The waits of the utricle and saccule each have a thickened areq, the 
macula vdiich contains both amaory batr cefls with synaptic con¬ 
nections to sensory nerves and supporting cels. 

■ A bundle of rigid sterwcLELi and one rigid Idnociltum project api- 
cally from each bair ceEl and are suirounded byendolympb contain¬ 
ing- a ^l-bT» matrix with mineraliied crystals called otoliths. 

■ Head movements cause endoEympb and tbe otolithic membrane to 
mov^ defatmlng ttie rigid apical stmeturea of the bair cel^ depo¬ 
larizing them and producing ne jve impulses 

■ Each of the semictrcular ducts, oriented PO degrees horn one 
another, has a tenuinal ampulEa region wi-fti a thickened crista 
ampuElaris containing hair cells that contact a gel-like cupola. 

■ Head movements displace endolynuph and steieociliB of hair cells in 
-be utrkEe^ sarced^ and semi circular ducts which togetherproduce 
signals thnt contribute to tbe sense of equilibrium. 

■ The cochlear duct Is the middle compartment (scala media) of the 
cochlea and runs between two other long compartments that con¬ 
tain perilymph: the scala vestibnli andthescilatympsl. 

■ Along the base of the coddear duel, the bislliir naembrine supports 
tie spiral org^n of Corfi, whidi consists kqgely of bair cells con¬ 
nected to sensory fibers ofcranifll nerw VUI. 

■ The cochlear hair cells include three to fivie rows of outer hair cells 
with stejEociliaembeddedin a gel-like tectorial membrane and one 
row of more heavily Innervarted inner hair cells. 

■ Sound waves transmitted by the ossicles move the oval window and 
produce pressure waves lo the cochlear perHy mph whidi deflect 
tie b€si^r membrane and organ o^ Cortl, cauaing nerve impulses 
which the brain interprets as sounds. 
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1. TAbich of the foUowir^g is the thickest component of the cornea? 

a. Corneal epdtbalium 
b Stroma 

c Descemet membrane 
d Bowman membrane 
e. Corneal endothebum 

2. Whidi desoiiption is accurate ibr lens fibers ? 

a. Are terminailly difierentiated fibrobla&ts 

b Consist of specialized type I coUagen 

c D^iwidfiom epitbeUal odlsthat piDdnrepmtemsoalkdcrystaDms 

d Conaiat of type DT collagen 

e. Have the same embryonic origin ss fine neuiiIretinB 


3. Whiti structuie isthe most anterior extension of fi* eye's vascular layert 

a. Cilkrybody 

b. CoTiieB 

c. Lens 
d liis 

e. Zonule 

A Which cells transmit visual signals from the retina to the brain? 

a. Bipolar cels 

b. Am acrine cells 

c. Ganglion cehs 
d Horizontal cells 
e. MiiJler cells 
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